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Abstract 
TOTAL conducts the first French pilot to demonstrate the technical feasibility and reliability of an 
integrated CO2 capture, transportation, injection and storage scheme from a boiler at a 30MWth scale. 
This pilot entails the conversion of an existing steam boiler into an oxy-fuel combustion unit, oxygen 
being used for combustion rather than air to obtain a more concentrated CO2 stream easier to capture. 
Then CO2 stream is compressed and conveyed via pipeline to the Rousse depleted gas field, 29 kilometers 
away, where it is injected into a deep carbonate reservoir. CO2 injection started earlier 2010 as all the 
proper official authorizations have been given. An appropriate monitoring plan is conducted to check the 
site integrity and storage performance. A preliminary baseline, conducted one year before the start of the 
injection is used as reference to detect any anomalous behavior which could be linked to any CO2 
leakage. The aim of this paper is to present, the main lessons learned from the monitoring of the CCS 
pilot site of Lacq, after more than two years of injection and a year pre-injection baseline, in terms of 
monitoring-models offsets, security and risk analysis. 
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________________________________________________________________________________ 
1- Introduction  
TOTAL conducts the first French CO2 Capture Storage pilot in the South West of France to demonstrate 
the technical feasibility and reliability of an integrated CO2 capture, transportation, injection and storage 
scheme (Figure 1). It entails the conversion of a steam boiler into an oxy-fuel combustion unit, oxygen 
being used for combustion rather than air to obtain a more concentrated CO2 stream from a boiler at a 
30MWth scale. This pilot entails the conversion of an existing steam boiler into an oxy-fuel combustion 
unit, oxygen being used for combustion rather than air to obtain a more concentrated CO2 stream. The 
CO2 is treated, dehydrated, compressed up to 27 bars and conveyed as a gas phase via an existing pipeline 
to the depleted gas field of Rousse, 30 kilometers away where it is compressed and injected since January 
2010 into the deep depleted reservoir of the Mano Dolomite formation at 4500 m below ground level. The 
storage site of Rousse is a depleted gas field located in a rural and non populated area, five kilometers to 
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the South of the town of Pau and its suburbs (around 140,000 inhabitants). Stream is compressed and 
conveyed via pipeline to the Rousse depleted gas field, 29 kilometers away, where it is injected into a 
deep carbonate reservoir. The existing 30 km pipeline has been used for the past 40 years to export 
natural gas produced from the Rousse field to the plant of Lacq. In the conditions of transportation, 27 
bars and 30°C, the CO2 is conveyed in gas phase. Downstream the Rousse compressor, at the well head, 
the CO2 is also in gas phase. The fluid remains in gas phase within the well, whereas at the end of the 
injection, the gas will be in dense phase within the reservoir.  
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Figure 1: Lacq CCS pilot general scheme 
From a geological point of view, the small depleted gas field of Rousse is a deep isolated Jurassic horst 
drapped and overlaid by a very thick Campanian to Eocene series of marls, shales and silts, named 
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Figure 2: N-S geological cross-section through the Rousse gas field 
The upper Mano dolomite reservoir, which initial pressure and temperature, was 485 bars and 150°C @ 
4500, has been drilled and produced, for more than 30 years, by only one well Rousse-1. The latter was 
transformed in a CO2 injection well in March 2009 with a specific completion equipped with pressure and 
temperature sensors and microseismic accelerometers.   
2- Description of the monitoring program and objectives 
Objectives of the monitoring 
The monitoring plan was designed accordingly to the specific configuration of the storage site, on the 
basis of the Total qualification studies and the preliminary risk analysis. Even if the risk of CO2 leakage 
out of the reservoir is very low due to the geological configuration of the storage: very deep reservoir, 
presence of a thick and proven caprock, maximal final pressure far below the initial reservoir pressure, 
thanks to the small amount of CO2 injected compared to the reservoir storage capacity, only one well, the 
monitoring program is a very complete and unique one, and takes into account requirements of the French 
Administration. The monitoring main objectives are to provide key information on: 
- site integrity: to confirm that the gas remains confined within the reservoir, that means, that there is not 
 
-  well  injectivity: to measure flow rate and injected gas composition and follow the well performance  
- storage performance: to check that the CO2 behavior is as modeled by reservoir simulation taking into 
account uncertainties, and enable reservoir behavior knowledge improvement, so as to provide more 
accurate predictive models  
- environmental impacts: to check that there is no impact of the storage on the environment. 
The following parameters are monitored :  CO2 stream composition, concentration and flow, CO2 
atmospheric concentrations at the injection well pad, Well annulus pressure, Pressure and temperature 
along the injection well, Reservoir pressure and temperature, Induced microseismicity, Soil gas 
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composition and fluxes, Ground and surface water quality, Fauna and flora biodiversity. Environmental 
monitoring is schematized on Figure 3.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 : Environmental monitoring 
Description of the monitoring program 
The monitoring program is detailed in the article [1]: CO2 stream composition and flow, CO2 atmospheric 
concentration at the Rousse well pad, Well annulus pressure, Soil gas, Surface and Groundwater, Fauna 
and Flora monitoring.  
 
Down hole pressure and temperature 
The injection well was initially equipped with a fiber optic cable with two pressure and temperature 
sensors (3300 and 4400 m GL). At the end of 2010, two other pressure and temperature sensors were 
added, thanks to the work-over planned to replace the seismic sensors initially out of order. Then the 
injector is equipped with four pressure and temperature down hole sensors, located around: 1100 m, 2200 
m, 3300 m, 4400 m GL, i.e. 150 m above the top of the reservoir for the deepest one.  
 
Passive microseismic monitoring 
Induced microsismicity is measured to identify any mechanical effect of the injection on the reservoir and 
caprock which could affect the site integrity. The system consists of seven microseismic sensor arrays 
located in 7 shallow wells (200 m deep). 6 of them are located on a 2 km radius circle around the injector 
and the seventh one is located at the Rousse well pad. A seismometer located at the surface, near one of 
the shallow well, detects and records the natural earthquakes.  
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Figure 4: Well completion(on the right) and microseismic monitoring system (on the left) 
 
microseismic sensors are installed along the optical fiber cable in the injection well, between 4200 and 
4400 m, i.e. 150 m to 350 m above the top of the storage reservoir, in order to detect very low magnitude 
events and study if there is any link between them and the injection rate, the CO2  
 
3- Lessons learned after two and a half years of injection  
 Reservoir, well and caprock integrity  
Passive micro-seismic monitoring is operational since March 2009 allowing 9 months of a baseline 
survey. During this span of time, mainly natural seismic events due to the deep tectonic activity of the 
Pyrenean mountain range has been recorded. After two and a half years of injection, only three, very little 
magnitude events were detected by the  micro-seismic sensor arrays located in the shallow wells, in the 
vicinity of the injection well (magnitude raging between -0.3 to -1.1) (Figure 5). Other detected events are 
also characterized by very low negative magnitude, they are more numerous and the majority is located at 
the vicinity of the Meillon Saint Faust gas field which is still in production. At least, some events are 
detected at the west of Rousse were there is no injection or production human activity and is surely linked 
with Pyrenean mountain activity. The very low seismic activity detected on the Rousse CO2 injection site, 
confirms that there is so far, no mechanical effect that could be linked to any loss of confinement of the 
reservoir. This in agreement with the geomechanical studies conducted by Total at the qualification 
stage[2], which show that the pressure change during both the depletion and the injection periods will not 
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affect the site mechanical integrity : neither cap-rock fracture nor fault reactivation. In addition, no 
indication of loss of well integrity has been detected from well head annuli pressure measurements. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Microseismic events recorded since the start of the injection (red dots)  (-0.3 < Magnitude < -1) 
Storage performance and well injectivity 
Down hole pressure data recorded first, during the initial 30 years of production period with wire line 
gauges measurements, then, during the two and a half years of injection (Figure 6), are compared with 
reservoir simulation models. It appears that there is a very good agreement between model and 
monitoring data [3]. (Figure 7)  
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Figure 6: Down hole pressure measurements and rate data from May to September 2012 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Pressure prediction (blue line) matching pressure recordings (blue diamonds) 
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Residual model-monitoring offset is mainly linked to sub-surface uncertainties related to the pressure 
changes which have occurred during the 30 years of production (faults transmissivity, initial gas in place 
term behavior can be extrapolated using reservoir models. 
As expected, the pressure of the reservoir panel located at the vicinity of the producer/injector well RSE1, 
does not stop increasing after the end of the injection, as this panel was much more depleted than others at 
the end of production.  Average pressure can be extrapolated higher than 200 bars in 2200, i.e. 200 years 
after the end of the production. Incremental pressure increase linked to CO2 injection is then very low, 
and goes decreasing.  
 
Pressure and injection rate data were used for pressure losses model calibration .Well injectivity index, 
was first calculated using a graphical method at different times between mid-2010 and mid-2012. It 
appears to be quite constant all along this period, approximately equal to: 50t/d/bar. This result is well in 
line with the Rousse context: gas is injected into gas, no active aquifer near wellbore area already dried 
during the production period [1], which means that no injectivity index decrease due to salt precipitation 
change as a result of CO2 injection [4]. 
Environmental impacts  
Environmental monitoring objectives are to confirm the absence of any leak from the CO2 storage 
reservoir. Also it is very useful to reach public acceptance on the project.   
The soil gas monitoring consists in measuring at 35 different surface locations around the injection site 
the CO2 and the CH4 concentration at 1 m below the ground level, and the CO2 and CH4 flux at the soil-
atmosphere interface. Data have been collected during the baseline survey (2008-2009), and during the 
whole injection period (Figure 8). Despite the large heterogeneity between the data collected at the 
different locations, clear seasonal variations are observed corresponding to the intensity of the biological 
activity of the soil. The comparison between the data collected during the baseline survey and during the 
injection p 2 leak from the 
reservoir. In addition, the 13CCO2 isotopic data that were measured demonstrate that the CO2 in the soil 
has not a deep subsurface origin.  
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Figure 8: CO2 fluxes measurements from 2008 (preliminary baseline) up to mid-2012 
 
 
Groundwater and surface water monitoring consists in measuring the physico-chemical quality of four 
aquifers present above the deep storage reservoir: a perched phreatic aquifer encountered in the Miocene 
molassic deposit (potable resource), two shallow regional aquifers produced for the potable water supply 
of the city of Pau (the Gave alluvial aquifer and the pre-molassic eocene sands), the deep saline aquifer of 
the Lower >Paleocene limestone, lying around 2000 m below the surface. Four parameters have been 
chosen as indicators: pH, conductivity, carbonates and bicarbonates concentration). The results of the 
semestrial analysis performed during the injection period are compared to the reference data base 
elaborated during the baseline survey (2009) and from the available historical data and show that there is 
no deviation from the reference trend which could be attributed as a consequence of a leak (Figure 9).  
However, it could be noticed that, according to pressure gradient between Rousse storage reservoir 
(Mano) and the first deep aquifer (Lasseube) at the beginning of the injection (30 bars versus 200 bars), 
and during the whole injection period, any loss of confinement which could appear, would first lead to the 
leakage of water from the Lasseube into the Rousse field, instead of the reverse. 
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Figure 9: Surface water monitoring from 2009 to 2012. 
Conclusion 
After two and a half years of monitoring during the injection period and one year preliminary baseline 
survey, the monitoring of the CCS Lacq French pilot has demonstrated that the CO2 remains so far well 
confined within the reservoir. Thanks to the small quantity of CO2 injected compared to the Rousse 
reservoir storage capacity, no reservoir or caprock loss of integrity is deplored as demonstrated by the 
microseismicity passive monitoring. This point is well in line with the results of the geomechanical study 
conducted before the start of the injection. Well integrity is also confirmed. As a consequence, none of 
the numerous monitored environmental parameters show any anomalous behavior. Reservoir behavior 
was also well anticipated by dynamic models (low monitoring-models offset). Residual uncertainties for 
long term reservoir pressure forecast are mainly linked to the pressure changes observed during the 
production period. Anyway, they don't present any risk for the long term stability and the site integrity. At 
least, as anticipated, no problem of injectivity is so far detected either. 
At the end of the injection period, the post-injection monitoring plan is going to be defined and submitted 
to French Administration. In that frame, we are now working on the update of the risk analysis taking into 
account all these results. It already appears that seismic surface monitoring and reservoir pressure data are 
one of the main points to be assessed for achieving the long term stability on-going demonstration.  
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